INTRODUCTION
Cystic fibrosis is a life-limiting, irreversible disorder with autosomal-recessive transmission, and it has effects on multiple organ systems containing epithelia. It is estimated to have an incidence of 1 in 2000 up to 1 in 6000 births in Caucasians 1 . The advancement in medicine permitted many improvements in the survival of these patients with median life expectancy of approximately 40 years 2 . The genetic basis of this disorder is a malfunction of the CF transmembrane conductance regulator (CFTR), an anion located on the membrane of the respiratory and exocrine glandular epithelium. The secretion of the glands is more viscous and causes obstructions that lead to inflammation and tissue damage. After affecting the pancreatic exocrine function (malnutrition and poor growth), the biliary duct, the male reproductive system, sweat glands, the most important cause of death is obstructive lung disease. Sinonasal disease as a consequence of increased viscosity of the mucus is an important factor of the patient's evolution by being a continuous source of recurrent infections. The epidemiology of the cystic fibrosis involves mainly upper and lower airways in 90-100% of CF patients 3 . Almost 80% of the patients with CF have nasal obstruction, more than 50% have rhinorrhea and headache, and 25% have anosmia 4 . The prevalence of nasal polyposis in patients with CF is from 6% to 48%; it increases during adolescence 5 . Nowadays, the diagnosis is prenatal or the disease is discovered after newborn screening. Prenatal diagnosis is an invasive test from fetal genetic material and carries a small risk of miscarriage 6 . Newborn screening, if positive, will lead to the confirmation of the diagnosis -the sweat test (high salt levels confirm a diagnosis of CF).
The treatment is mainly based on preventing any upper or lower airways infection and having a diet that limits the malabsorption to minimum.
This article discusses a clinical case of nasal polyposis in a cystic fibrosis patient treated in "Sfanta Maria" ENT Department in November 2016. The particularities of the diagnosis and treatment are presented together with a short literature review regarding the sinonasal complication of the disease.
SINONASAL DISEASE IN CYSTIC FIBROSIS PATIENTS

PATHOGENESIS
Patients with CF have a particularity in the viscoelastic properties of the mucus, an impaired mucociliary clearance, added to the abnormal chloride conductance. Viscosity in mucus is 30-60 times higher than in patients without CF 7 . The sinus ostia are obstructed and the lacks of ventilation and of oxygen associated with edema are the main factors for bacterial overgrowth. The most common bacteria isolated from sinus cultures of the patients with cystic fibrosis are Staphylococcus aureus, P. aeruginosa, Burkholderia cepacia, Escherichia coli, Acinetobacter species, Haemophilus influenzae, Stenotrophomonas maltophilia, anaerobes and Streptococci [8] [9] [10] [11] . Sinuses serve as a reservoir for recurrent lung infection for CF patients, fact confirmed by Godot et al 12 .
Antimicrobial resistance, a consequence of multiple antibiotics exposures, has become an important aspect of the treatment and an important cause of morbidity. Those who underwent inhalation treatment with many steroids and antibiotics are also the best candidates for fungus pulmonary infection, mainly with Candida species.
Nasal polyposis is associated with cystic fibrosis in a proportion of 7-48% 13 , mediated by neutrophilic Th1-mediated inflammation, different from eosinophilic Th2-mediated inflammation and polyposis that appear in non-CF patients 14 .
The anatomy is changed and hypoplasia of the paranasal sinuses is a characteristic of the disease well described in literature. The most valid theory blames ongoing mucosal inflammation as the cause for poor pneumatization of head bones. Also, genotype influences the development of paranasal sinuses [15] [16] [17] [18] . The fact that patients with F508 del mutation have been proven to have underdevelopment of the sinuses compared to other mutations suggests that CFTR may be an important contributor to sinus development 19 .
CLINICAL MANIFESTATIONS
Rhinosinusitis, when present, frequently includes: rhinorrhea, nasal obstruction, anosmia, mouth breathing, facial pain, voice changes, headache and halitosis.
Nasal polyposis is associated with nasal obstruction, anosmia, mouth breathing, thick anterior and posterior discharge, followed by facial deformation, hypertelorism due to the widening of the nasal bridge.
DIAGNOSIS
The history of the patient and clinical examination must always be associated with imaging of paranasal sinuses of CF patients. Anterior and posterior rhinoscopy show single or multiple, grey, pale masses from the middle meatus and prolapsing into the nasal cavity, associated with abundant and thick anterior and posterior rhinorrhea.
CT scans of paranasal sinuses of cystic fibrosis patients show reduced size of the maxillary sinuses and frontal or sphenoidal hypoplasia, which are very specific features. The anterior ethmoid cells grow more slowly than the posterior ones, causing an inversion of their relationship 4 . Frontal sinus agenesis and maxilloehtmoidal sinuses opacification greater than 76% have been proposed as pathognomonic criteria for CF 20 .
MANAGEMENT
Treatment of the disease is mainly systemic; the patients are treated medically before considering surgical treatment. The scope of the treatment is to reduce the risk of pulmonary infections by reducing the size of nasal polyps, relieve nasal obstruction, restore sinus normal drainage.
Clinical management
The medical management of the disease includes systemic and topical medication. Dornase Alfa, AINS, oral antibiotics associated with nasal irrigations, topical steroids and topical antibiotics form the most efficient treatment for these patients, as listed below: 1) Dornase Alfa. It is a medication that reduces DNA fragment length and reduces mucus viscosity of CF patients. It also slows the rate of the decline of lung function in patients older than 5 years [21] [22] [23] .
2) Ibuprofen. Its use and efficiency was shown in
2007 by Konstan et al. 24 and by Lindstrom et al. 25 by reducing the progression of the pulmonary disease and the size of nasal polyps. 3) Macrolide antibiotics. Clarithromycin and azithromycin are well known for their anti-inflammatory properties, but their main role in this disease treatment is the decrease of IL-8 produced by nasal cells 26 , thus reducing the sinus inflammation. The dosage and scheduling is still a matter of discussion 27 . 4) Nasal saline irrigations. Hypotonic and isotonic saline irrigations are the best way to mechanically clean the crusts and hypertonic saline irrigations decongest by osmosis. There is no meta-analysis of CF patients, but the recommendation is made from studies of non-CF patients where nasal saline irrigations have been proven to help relief nasal obstruction and clean the nasal mucosa. 5) Topical steroids. Even if topical steroids are effective on eosinophilic nasal polyposis, it has been noted that they have an important role on neutrophilic polyposis in CF patients. 6) Topical antibiotics. Even if Lim et al. 28 showed in 2008 that there is no sufficient proof to justify the use of topical antibiotics in chronic rhinosinusitis patients, in CF patients, prophylaxis with tobramycin is an important step of the treatment. After surgery, nebulization with gentamicin or tobramycin is recommended to prevent bacteria from the sinus populate the lungs. 7) New therapies have been targeting the CFTR channel. Ivancaftor by potentiating the mutant CFTR existing on the membrane, Lumacaftor by improving delivery of the CFTR to the plasma and Ataluren, which induces translational readthrough of nonsense mutations. All these three drugs are in phase 3 of testing 29, 30 .
Surgical management
After following a medical treatment and the symptoms of rhinosinusitis or nasal polyposis persist, the CF patients receive the recommendation for surgery. There are studies presenting the effect of sinus surgery as a very important one for these patients: a better control of the pulmonary infection as a consequence of limiting the sinus bacteria reservoir 31 . The nature of the disease predisposes the patients to repeated interventions, so it is very important for them to take into consideration if the benefits of a surgical treatment are higher than its risks. Standard FESS includes frontal sinusotomy, sphenoidectomy, anterior and posterior ethmoidectomy, maxillary antrostomy. Polypectomy is the least invasive part of the treatment and, if possible, after medical management. Pulmonary exacerbation after FESS is prevented by medical treatment guided by prophylaxis of bacteria and fungi infections. There are studies such as Rowe-Jonce and Mackay that report a rate of revision of the patients with nasal polyposis and cystic fibrosis of 50% in the next 18-24 months 32 . Most pediatric patients who undergo endoscopic surgery appear to have improved symptom profile, but the imagistic score rarely modifies after it.
CASE REPORT
A 9-year-old boy was admitted in our ENT Department for bilateral nasal obstruction, anterior and posterior thick rhinorrhea that occurred 6 months previously. His medical records showed that the patient was previously evaluated in another ENT Clinic and diagnosed with polyposis (multiple polypectomy -2015;2014;2013). The patient was diagnosed with CF when he was 4 months old and has been treated since then according to a multidisciplinary protocol. The clinical examination showed grey pale polyploid masses which filled the entire left and right nasal fossae, nasal mucosa with high-density mucous secretions in both nasal cavities and hypertrophic inferior turbinates.
Native and contrast-enhanced CT scan described fronto-maxillary-ethmoid rhinosinusitis and severe bilateral hypertrophy of the nasal mucosa with polypoid component in the left choana (Figure 1) .
Our decission considering the recurrence and all other complications of the disease was to perform endoscopic surgery. Intraoperatively, a grey pale polypoid mass, arising from the middle meatus into the nasal cavity was found in the left and right nasal fossae (Figure 2) . Polypectomy was performed, with bilateral maxillary antrostomy ( Figure 3 ) and anterior ethmoidectomy on the right side and complete ethmoidectomy on the left side.
Before the surgical procedure, the patient underwent a medical treatment including topical tobramy- The histopathological examination reconfirmed nasal polyposis.
The post-operative evolution was good, without complications, but the result of the sinus cultures came back positive with presence of S. aureus with multiple drug resistance. The recommendation in this case was inhaled gentamicin, twice a day, 14 days.
CONCLUSIONS
Being a chronic disease, cystic fibrosis impairs the patients' quality of life in many ways. The sinonasal disease is an important treatment target and requires surveillance and compliance.
The main scope is to reduce the recurrence of the infections, to reduce the symptoms of the nasal disease and have a higher life expectancy of these patients with minimum surgical intervention. 
